To examine the association between alcohol consumption and mortality in Japan, where mortality and lifestyle differ substantially from Western countries, a population-based prospective study was conducted in four public health center areas as part of the Japan Public Health Center-based prospective study on cancer and cardiovascular disease (JPHC). After excluding subjects with self-reported serious diseases at baseline, 19,231 men aged 40-59 years who reported their alcohol intake were followed from 1990 through 1996, and 548 deaths were documented. The association between all-cause mortality and alcohol consumption was J-shaped. The lowest risk was observed for men who consumed 1-149 g/week (relative risk (RR) = 0.64, 95% confidence interval (Cl) 0.46, 0.88), while the highest risk was seen for men who consumed S450 g/week (RR = 1.32, 95% Cl 1.00, 1.74), after adjustment for possible confounders. The association did not change after excluding deaths that occurred in the first 2 years of follow-up. However, the association was modified by smoking, and beneficial effects of moderate drinking were largely limited to nonsmokers. The risk of cancer death showed a similar trend, but increased more in heavy drinkers. The background characteristics of moderate drinkers were healthier than either nondrinkers or heavy drinkers. The authors conclude that moderate alcohol consumption was associated with the lowest risks of all-cause and cancer mortality, especially among nonsmokers. Am J Epidemiol 1999;150:1201-7. alcohol drinking; lifestyle; middle age; mortality; neoplasms; prospective studies; smoking U-or J-shaped associations between alcohol consumption and all-cause mortality have been reported in several cohort studies, and a meta-analysis of 16 cohort studies reported that relative risks were less than unity among men who consumed less than 30 g of alcohol per day (1). Most of these reports were from Western countries, and the beneficial effect of moderate alcohol consumption was attributed to reduced mortality from coronary heart disease (2-4), while a higher risk of cancer was reported with increasing level of alcohol intake (5).
U-or J-shaped associations between alcohol consumption and all-cause mortality have been reported in several cohort studies, and a meta-analysis of 16 cohort studies reported that relative risks were less than unity among men who consumed less than 30 g of alcohol per day (1) . Most of these reports were from Western countries, and the beneficial effect of moderate alcohol consumption was attributed to reduced mortality from coronary heart disease (2-4), while a higher risk of cancer was reported with increasing level of alcohol intake (5) .
There is little evidence regarding the beneficial effect of alcohol consumption among other ethnic groups, whose genetic background, preferred type of alcohol, life-style characteristics, and mortality profile differ from those in Western countries. A recent prospective study of Chinese men (6) showed that moderate alcohol consumption reduced the risk of total mortality compared with nondrinkers, although coronary heart disease accounted for less than 10 percent of all deaths.
MATERIALS AND METHODS

Study cohort
As of January 1, 1990, we established a populationbased cohort of 27,063 men (the Japan Public Health Center-based prospective study on cancer and cardiovascular diseases (JPHC Study) Cohort I, which also included 27,435 women) who registered their address in 14 administrative districts supervised by four public health center (PHC) areas: 6,022 from Ninohe city and Karumai town in the Ninohe PHC area of Iwate prefecture, 7,559 from Yokote city and Omonogawa town in the Yokote PHC area of Akita, 6,173 from eight districts of Minami-Saku county in the Saku PHC area of Nagano, and 7,309 from Gushikawa city and Onna village in the Ishikawa PHC area of Okinawa. All of the men were bom between 1930 and 1949 (40-59 years of age). These four PHC areas were selected to repre-sent the extent of variation in the mortality rate of stomach cancer based on our previous ecologic study. The profiles of these four areas have been reported elsewhere (7) (8) (9) .
Baseline survey
A self-administered questionnaire was distributed to all registered residents in 1990, and they were asked to report on their sociodemographic characteristics, personal medical history, smoking and drinking history, and diet. Of these persons, 20,665 men (76 percent) returned their questionnaires. Although the date of questionnaire completion ranged from January 1990 to May 1992, 54 percent were between February 1990 and March 1990. Only 4 percent were after October 1990.
Usual alcohol intake was first reported as frequency of consumption in six categories: <1 day/month, 1-3 days/month, 1-2 days/week, 3-4 days/week, 5-6 days/week, and every day. Subjects who reported alcohol consumption at least once per week were also asked to report on the usual amount and type of alcohol. Weekly ethanol consumption was calculated by combining the amount of ethanol per day and frequency per week. Amount of ethanol was calculated in grams of ethanol as follows: 180 ml sake (rice wine) as 23 g ethanol, 180 ml shochu and awamori (white spirits) as 36 g ethanol, 30 ml whiskey or brandy as 10 g ethanol, 60 ml wine as 6 g ethanol, and 633 ml beer as 23 g ethanol. Alcohol intake was classified into six groups: nondrinkers (<1 day per month), occasional drinkers (1-3 days per month), weekly ethanol intake of 1-149 g/week, 150-299 g/week, 300-449 g/week, >450 g/week. Because it was not possible to separate exdrinkers from nondrinkers, they were grouped together.
The average levels for serum gamma-glutamyltransferase in these six groups were 23, 26, 39, 48, 84, and 90 IU/liter, and for high density lipoprotein (HDL) cholesterol the levels were 43, 46, 50, 51, 56, and 58 mg/dl after adjustment for age, body mass index, cigarette use, and residential area in our previous study using the same questionnaire and in the almost same areas (n = 562) (7) . The reproducibility of alcohol intake as measured by Pearson's correlation coefficient between 1990 and 1995 among subsamples of the male cohort was 0.73 for calculated weekly ethanol intake (n = 103).
The weekly intake frequency of 27 food items was reported in four categories: rarely, 1-2 days/week, 3-4 days/week, and almost every day. The weekly frequency for each food item was calculated according to a score assigned to each frequency category (0, 1.5, 3.5, and 6, respectively). For rice, miso soup, and nine kinds of beverage, the daily amount consumed was also asked.
After excluding subjects with self-reported serious diseases (cancer, cerebrovascular diseases, myocardial infarction, and chronic liver diseases) at baseline, 19,231 men who reported their alcohol intake were included in this study.
Follow-up
We followed up all registered residents from January 1, 1990 . In Japan, all death certificates are submitted to a local government office, and forwarded to the PHC in the area of residence. Mortality data is then sent centrally to the Ministry of Health, and Welfare, and coded for the National Vital Statistics. The registration of deaths is required by the Family Registration Law, and is believed to be complete in Japan. Therefore, all deaths that occurred in the cohort were based on death certificates from a PHC, except for subjects who died after they moved from their original PHC area, in which case the subject was treated as a censored case. Changes in residence status were identified through the residential registry in each area. In addition to all-cause mortality, deaths from total cancer (International Classification of Diseases, 9th Revision (ICD-9) 140-208) were also analyzed.
Statistical analysis
Mortality rates were calculated using exact person-years of follow-up as the denominators (10), and were standardized to the entire cohort. Personyears of follow-up were counted from January 1, 1990 to December 31, 1996 or until the date of death or moving from a PHC area, respectively. A proportional-hazards model was used to adjust for covariates, and to assess departure from risk-ratio multiplicativity.
RESULTS
Baseline characteristics by alcohol Intake
The baseline characteristics according to each category of alcohol intake are shown in table 1. Current smoking status was highest in heavy drinkers (>450 g/week), and lowest in moderate drinkers (1-149 g/week). The background characteristics were healthier in moderate drinkers than either nondrinkers or heavy drinkers.
Characteristics of alcohol consumption by categories of intake are shown in table 2. Average frequency of alcohol intake was 3.2 days/week for moderate drinkers, and was almost daily for heavy drinkers. The major source of ethanol was beer in moderate drinkers, and sake in heavy drinkers. Shochu was another important source of ethanol in heavy drinkers. Almost half of moderate drinkers consumed beer exclusively, and a similar proportion of heavy drinkers were consumers of mixed drinks.
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Mortality by alcohol Intake
During the follow-up of 7 years, 548 men died while 609 moved out of the PHC areas. Among all causes of death, 214 (39 percent) were due to cancer and only 27 (5 percent) were due to ischemic heart disease (ICD-9 410-414) (table 3) .
The number of deaths, age-standardized death rates, and relative risks of death are shown in table 4 according to each category of alcohol intake. The association between all-cause mortality and alcohol consumption was J-shaped. Compared with nondrinkers, moderate drinkers had a significantly lower overall relative risk of death after adjustment for study area, age, and smoking (0.67, 95 percent confidence interval (CI) 0.49, 0.90). After further adjustment for education, medication, past history of hypertension, sports activity, intake frequency of yellow vegetables, fruits, fish, miso soup, and pickled vegetables, the relative risk was 0.64 (95 percent CI 0.46, 0.88). The relative risks increased with amount of alcohol intake to 1.32 (95 percent CI 1.00, 1.74) in heavy drinkers. The risk in moderate drinkers was even lower than for occasional drinkers. The overall association with amount of alcohol intake was still J-shaped after excluding deaths in the first 2 years. The association with total cancer mortality showed a similar trend, and the lowest relative risk occurred in moderate drinkers after adjustment for study area, age, and cigarette smoking (relative risk (RR) = 0.63, 95 percent CI 0.38, 1.05) and the highest in heavy drinkers (RR = 1.55, 95 percent CI 1.02, 2.35) (table 4). The pattern of results was similar after further adjustment for dietary factors and other indicators of a healthy life-style (table 4) .
In order to examine whether the association between alcohol intake and mortality was modified by either PHC area of residence or current smoking status (nonsmokers vs. smokers), indicator variables for these effects and their respective product terms with the six categories of alcohol intake were included in a model adjusting for age. There was very little improvement in model fit associated with the inclusion of product terms for area of residence and subsequent models were refit without these terms. However, risk ratio estimates were indicative of heterogeneity among nonsmokers and smokers, and there was a large improvement in model fit associated with the inclusion of the product terms involving smoking and alcohol (interaction p = 0.02). Consequently, these product terms and an additional variable to adjust for the number of cigarettes smoked per day (current smoking, or previous smoking for ex-smokers) were included in the model that describes effect modification.
The association between alcohol and all-cause mortality was modified by current smoking status (interac- 
DISCUSSION
In this population-based prospective study in Japan, moderate alcohol consumption had a beneficial effect on 7-year risk of all-cause and cancer mortality. Several large-scale prospective studies in Western countries (11) (12) (13) (14) (15) have reported similar associations with all-cause mortality, however, the beneficial effect of moderate drinking on cardiovascular disease accounted for a large part of the observed association. In this cohort, the proportion of deaths due to ischemic heart disease was only 5 percent and it is not likely to t Further adjusted for educational background (junior high school, high school, college or more), medication (none, any), past history erf hypertension (no, yes), sports at leisure time (<1 day/month, 1-3 days/months, £1 day/week), and four categories (<1 day/week, 1-2 days/week, 3-4 days/week, £5 days/week) erf selected dietary habits (yellow vegetables, fruits, fish, mbo soup, pickled vegetables). be responsible for the J-shaped relation observed for all-cause mortality. An earlier large-scale cohort study in Japan (16) , in which alcohol consumption had been assessed in four categories of frequency intake in 1965, similarly showed a 14 percent reduction in risk of death among occasional male drinkers.
The effect of alcohol intake on total cancer mortality has been shown to be linear in Western countries (11, 15) . A cohort study of male Japanese physicians also showed a linear increase in risk of total cancer (17) . However, in our male cohort, we observed a 50 percent reduction in the risk of total cancer mortality among moderate drinkers and a 50 percent increase in risk among heavy drinkers. Heavy alcohol consumption has been associated with an increased risk of upper aerodigestive and liver cancer (5), and such cancers may have accounted in part for the increased risk among heavy drinkers. However, as the number of cancer deaths was not sufficient for site-specific analysis, we could not examine this. In addition, heavy alcohol consumption is associated with reduced activity in immunologic response (18) , and consequently may increase the overall risk of cancer.
The reason for the beneficial effect among moderate drinkers is not clear. The effect of alcohol on high density lipoprotein (HDL) cholesterol concentration (19) and platelet function (20) provide mechanistic interpretations for the reduced risk of cardiovascular disease, but not for cancer. Moderate drinking may be a marker of a healthy life-style. The baseline characteristics of the men who consumed moderate amounts of alcohol were suggestive of a relatively healthier lifestyle in comparison with nondrinkers or heavy drinkers. Moderate drinkers smoked less, studied more, exercised more, and ate more fruit and yellow vegetables. Although we controlled for such factors in the multivariate model, it is still possible that residual confounding by favorable life-style factors may have resulted in the lower risk in moderate alcohol drinks. It has also been suggested that social integration confounds the J-shaped association between alcohol consumption and health status (21) . In Japan, alcohol drinking is an important social event especially among men, and social networks may be better among drinkers compared with nondrinkers or heavy drinkers.
It has been argued that nondrinkers include abstainers due to previous or present ill health conditions and that this is responsible for the J-shaped curves (22, 23) . Our baseline questionnaire could not separate exdrinkers from nondrinkers. In our previous ecologic study of 516 randomly selected men (aged 40-49 years) from the same four areas (7, 8) , 27 men (5 percent) were ex-drinkers (28 percent of 97 nondrinkers). Of these men, only 8 were abstainers due to illness (2 diabetes mellitus, 2 gastric ulcer, 1 hepatitis, and 3 unknown diseases). The other reasons were constitutional (10 men; not likely to have been former heavy drinkers), social, and economical, and for health promotion. Therefore, we expect that the reference category includes only a small proportion of ex-drinkers who have quit due to a serious disease or who were heavy drinkers. Moreover, lower risks among moderate drinkers were still observed when occasional drinkers were used as the reference category. An analysis of several prospective studies also showed that the apparent U-shaped association was not explained by abstention as a special risk factor (24, 25) .
In this study cohort, 42 percent of total ethanol intake was from sake and less than 0.1 percent was from grape wine. Some studies have suggested that the reduction in coronary heart disease (26, 27) or all-cause mortality was specific to grape wine (13), while Rimm et al. (2) concluded that ethanol itself rather than the type of beverage was responsible for the beneficial effect of alcohol. Our data, which included few grape wine drinkers, suggests that the favorable effect of alcohol intake was not necessarily due to grape wine.
We observed a different effect of alcohol among current smokers and nonsmokers at baseline. A risk reduction in excess of 50 percent for all-cause and cancer mortality was found among those who consumed up to 300 g/week among nonsmokers. However, among smokers, there was no evidence of risk reduction and excess risk among those who drank >450 g/week and even among those who drank 300-449 g/week for total cancer mortality. Although no studies have reported that smoking modified the U-shaped association between alcohol intake and all-cause mortality in Western countries (15, 28) , an effect similar to that observed in this study was shown in Chinese men (6) and in a study of alcohol and subjective health (29) . The beneficial effect of alcohol consumption may have not compensated for the harmful effect of cigarette smoking among Oriental populations.
In conclusion, among middle-aged Japanese men, moderate alcohol drinkers had the lowest risk of allcause and total cancer mortality. However, there was no strong evidence of a beneficial effect among smokers. Studies with longer follow-up may be able to analyze specific causes of death and to assess how lifetime tobacco consumption modifies the association between alcohol consumption and mortality.
